Introduction
============

Herpesviridae is a family of DNA viruses, which are known to be common causes of infections in immunocompetent and immunocompromised individuals. Of all Herpesviridae, only eight types use humans as their primary host, called human herpes virus (HHV) 1--8. The prevalence of seropositive for herpes viruses increases with age and varies geographically. HHV can be latent or lytic. Many affected people are unaware because they do not exhibit any symptoms.

Five of these eight types are common and are as follows: herpes simplex viruses (HSV) 1 and 2, varicella zoster virus (VZV), Epstein--Barr virus (EBV), and cytomegalovirus. They can affect various ocular tissues. HSV[@b1-opth-12-1707] and VZV[@b2-opth-12-1707] are by far the most common ocular pathogens. Each has an incidence of \~10--20/100,000 person-years.

One consequence of becoming infected is the possibility of uveitis. Uveitis can be in either one eye or both eyes and also involves other parts of the eye. In Thailand, the most common identified cause of infectious uveitis was herpetic uveitis (17.2%).[@b3-opth-12-1707] Uveitis is considered as an ophthalmic emergency that needs to be examined and treated properly to control the inflammation. Leaving the condition untreated can lead to blindness.[@b4-opth-12-1707]

Therefore, an accurate diagnosis is critical because some of the disease's signs are difficult to identify. To provide effective treatment, the virus must be specified exactly and precisely. For example, it remains unclear that EBV is the pathogenesis of uveitis. Consequently, treatment using acyclovir is also uncertain, even though many studies report the effectiveness of acyclovir in EBV infection.[@b5-opth-12-1707]--[@b7-opth-12-1707]

The first aim of the research was to determine the prevalence of the Herpesviridae family in the intraocular fluid of noninflammatory eye to verify whether the virus could live in this circumstance without being a cause of pathogenesis. Second, the study aimed to review their serum IgG antibody results. This research used PCR, which is rapid, sensitive, and accurate to detect viral DNA. The result of the study is an approach that can be used to develop further effective treatment.

Materials and methods
=====================

The study used a cross-sectional design. Participants were enrolled between June 2017 and September 2017 at the Department of Ophthalmology, Phramongkutklao Hospital, Bangkok, Thailand. These participants were undergoing elective cataract surgery. Inclusion criteria included 1) no active intraocular inflammation on biomicroscopic examination and 2) normal fundus examination preoperative. Exclusion criteria included 1) any evidence of previous intraocular and ocular surface inflammation, 2) abnormal fundus examination postoperative (when the cataract precluded a good view of the fundus preoperative), 3) HIV-positive status or being on immunosuppressive drugs, 4) previous ocular surgery or intraocular injection, and 5) receiving antiviral drugs for herpes treatment 6 months preoperative.

Demographic data (age, sex, and underlying disease), ocular history (ocular disease, history of previous ophthalmic surgery, and history of topical eye medication), and ocular examination were recorded.

Blood serum specimens were obtained after written informed consent was obtained. The sera were sent to Department of Immunology, Phramongkutklao College of Medicine. The presence of anti-HSV2 IgG, anti-VZV IgG, anti-cytomegalovirus (CMV) IgG, and anti-EBV-EA (Epstein--Barr early antigen) IgG was detected by qualitative analysis using commercially available ELISA kits (Chorus Trio; Diesse Diagnostic Senese Spa, Milano, Italy), and the results were interpreted according to the manufacturer's instructions. Samples were recorded as seropositive, sero-negative, or borderline according to the levels of IgG being \>1.2 IU/mL, \<0.8 IU/mL, or between 0.8 and 1.2 IU/mL, respectively. Sensitivity and specification were \~100%.

During the intraoperative step, participants were cleaned with a povidone-iodine 5% solution and draped as per routine strict sterile technique. Initial entry into the anterior chamber was made through the limbus as a part of the cataract surgery followed by passing blunt-tip needle on a 1 mL syringe and withdrawing 0.1 mL of aqueous humor fluid. Aqueous humor specimens were placed in a sterile tube. The rest of the cataract surgery was performed following a standard operating procedure. All specimens were stored on ice until they could be transported to the laboratory and processed using the PCR analysis to detect viruses (HSV1, HSV2, VZV, EBV, and CMV).

All samples were processed using the qualitative assay, that is, the Multiplex real-time PCR to detect pathogen genes, using four tubes of the Fast Track Diagnostics Kit (Fast Track Diagnostics Ltd., Esch-sur-Alzette, Luxembourg), TaqMan^®^ probe (Premier Biosoft International, CA, USA), and automated extraction platform for total nucleic acid (DNA and RNA) purification from primary sample tubes by EMAG^®^ (BioMérieux, Craponne, France). Limits of detection were as low as 10^2^ copies/mL.

Statistical analyses
--------------------

Demographic data were presented in terms of percentage, mean, and SD. The prevalence rate of serum for viral serology and that of aqueous humor for PCR of the Herpesviridae family were calculated.

The formula used in this study to calculate the sample size for the prevalence rate[@b8-opth-12-1707] of 26.36% or 0.2636 at 95% confidence interval (*α*=0.05) was *N*=*z*[@b2-opth-12-1707]×*p*×*q*/*d*[@b2-opth-12-1707] (*Z*=1.96, *P* is the prevalence, *Q*=\[1−*P*\], and *d* is the error margin \[±10%\]). The sample size needed for this study was at least 75 participants. The data were analyzed using the statistical software package (STATA/MP12).

Ethics approval and patient consent
-----------------------------------

All procedures performed in studies involving human participants were in accordance with the ethical standards of the institutional and/or national research committee and with the 1964 Declaration of Helsinki and its later amendments or comparable ethical standards. The study protocol received approval from the Institutional Review Board of the Royal Thai Army Medical Department. Written informed consent was obtained from each participant who received a detailed explanation of all the procedures involved as a part of the study.

Results
=======

A total of 92 participants were enrolled in the study. From all the participants, 84 serum and 66 aqueous humor specimens were analyzed. Regarding the samples, only 58 participants were analyzed for both serum and aqueous humor. No complications were noted during specimen collection in any of the medical records. The baseline characteristics are shown in [Table 1](#t1-opth-12-1707){ref-type="table"}. The mean age of the participants was 67.7 (±12.5) years (18--88 years); 55 (60%) participants were males. A total of 85 participants presented a chronic disease (92.4%), 58 participants had no other eye diseases (63%), and 82 participants had no topical eye medication (89.1%).

A total of 84 serum specimens and 66 aqueous humor specimens were collected. The overall prevalence of viral serology and viral DNA from aqueous humor PCR analysis are presented in [Tables 2](#t2-opth-12-1707){ref-type="table"} and [3](#t3-opth-12-1707){ref-type="table"}, respectively. All participants presented negative PCR results to all pathogens analyzed in this study.

Discussion
==========

This study evaluated the prevalence of HSV, VZV, EBV, and CMV in serum and aqueous humor in a normal population undergoing routine cataract surgery at Phramongkutklao Hospital.

The estimated prevalence of HSV1, HSV2, VZV, EBV, and CMV previously documented for the general population was 67%, 11% (WHO, 2017),[@b32-opth-12-1707] \>90%,[@b9-opth-12-1707]--[@b12-opth-12-1707] \>90%,[@b13-opth-12-1707],[@b14-opth-12-1707] and \>50% in adults (The Center of Disease Control \[CDC\], 2018),[@b33-opth-12-1707] respectively. The finding was similar in this study. Approximately \>90% of the normal Thai population had previous HSV2, VZV, EBV, and CMV infections without presenting any symptoms. Unfortunately, this study could not show the prevalence of HSV1 due to laboratory technical problem.

In addition, no evidence of these viruses was detected in intraocular fluid. Our study suggests that herpes viruses were not detected in aqueous humor from a noninflammatory eye despite being seropositive to these herpes viruses. These results are consistent with a related study in which no herpes viruses DNA was detected in aqueous humor from normal cataract patients[@b15-opth-12-1707] or HIV-negative patients.[@b16-opth-12-1707] We were unable to prove a significant correlation in detecting the Herpesviridae family between aqueous humor and serum. Therefore, the serology test proved unreliable in diagnosing viral uveitis because of the high number of false positives. However, we could not determine whether negative results indicated a noninfectious cause. Clinical evaluation and further investigation must be conducted to rule out other infectious origins.

Related literature[@b17-opth-12-1707],[@b18-opth-12-1707] has reported that some viruses such as HSV1, EBV, and HHV6 may be detected in intraocular fluid including the retinal epithelium without being the cause of the retinal infection. However, many related studies[@b19-opth-12-1707]--[@b23-opth-12-1707] have described cases of "ocular EBV infection" such as Keorochana[@b24-opth-12-1707] who reported EBV vasculitis by PCR from vitreous biopsy in immunocompetent patients, which was successfully treated with intravenous acyclovir. Our study supports the idea that HSV1, HSV2, VZV, EBV, and CMV might play a latent and nonpathogenic role in serum; however, detecting them in intraocular areas would imply a real active disease. Further investigation is required using quantitative PCR[@b25-opth-12-1707] and Goldman-Witmer coefficient[@b26-opth-12-1707]--[@b28-opth-12-1707] to provide additional valuable data to determine the pathogenic value of the virus load and local antibodies' production from local samples.

PCR technique from aqueous tapping could help to confirm the early diagnosis of suspected viral uveitis in patients instead. Not only anterior uveitis but one related study also revealed a high frequency of positive results without complications from aqueous analysis among patients with posterior uveitis. The aqueous tap with subsequent laboratory investigation is strongly recommended to accurately diagnose and treat patients with suspected infectious uveitis located in the posterior segment of the eye.[@b29-opth-12-1707],[@b30-opth-12-1707] The sensitivity was 91.3%, and the specificity was 98.8%.[@b31-opth-12-1707]

This study was only conducted among elderly and immunocompetent patients; therefore, generalizing to different age and immune status groups might be limited. Additionally, because we determined the prevalence of many types of herpes viruses, a larger sample size is needed.

Conclusion
==========

This study showed that previous HSV, VZV, EBV, and CMV infections were more than 90% in the Thai population. In addition, no viruses were detected in aqueous humor. Our findings disclosed that the aqueous humor in a noninflammatory eye was unlikely to detect herpes virus. Detecting intraocular infection of the Herpesviridae family may imply a pathologic clue of active infection. Furthermore, we suggest that PCR is a valuable tool for early diagnosis of intraocular viral infection instead of the serology test, which is unreliable because of the high number of false positives.
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###### 

Demographic data

  Characteristics                             n                    \%
  ------------------------------------------- -------------------- ----
  Age (years), mean ± SD (minimum--maximum)   67.7±12.5 (18--88)   
  Sex                                                              
   Male                                       55                   60
   Female                                     37                   40
  Chronic disease                                                  
   No                                         7                    8
   Yes                                        85                   92
   Diabetes mellitus                          23                   25
   Hypertension                               66                   72
   Dyslipidemia                               50                   54
   Heart disease                              11                   12
   Chronic kidney disease                     15                   16
   Stroke                                     5                    5
  Eye disease                                                      
   No                                         58                   63
   Yes                                        34                   37
   Diabetic retinopathy                       7                    8
   Glaucoma                                   8                    9
   Retinal disease                            15                   16
   Corneal disease                            6                    7
  Topical eye medication                                           
   No                                         82                   89
   Antiglaucoma                               7                    8
   Antiglaucoma and steroid                   1                    1
   Steroid                                    1                    1
   Antibiotic                                 1                    1
  Laterality                                                       
   Right eye                                  43                   48
   Left eye                                   47                   52

###### 

Prevalence of herpes virus serological results (N=84) and aqueous PCR results (N=66)

  Virus                                        Positive   Negative   Borderline               
  -------------------------------------------- ---------- ---------- ------------ ------- --- -----
  Serum for herpes virus IgG antibodies                                                       
   HSV2 IgG                                    70         83.3       14           16.7    0   0
   VZV IgG                                     79         94.0       2            2.4     3   3.6
   EBV IgG                                     83         98.8       0            0       1   1.2
   CMV IgG                                     82         97.6       1            1.2     1   1.2
  Aqueous humor for herpes virus D NA by PCR                                                  
   HSV1                                        0          0          66           100.0       
   HSV2                                        0          0          66           100.0       
   VZV                                         0          0          66           100.0       
   EBV                                         0          0          66           100.0       
   CMV                                         0          0          66           100.0       

**Abbreviations:** CMV, cytomegalovirus; EBV, Epstein--Barr virus; HSV, herpes simplex virus; VZV, varicella zoster virus.

###### 

Prevalence of herpes virus serological results and aqueous PCR results (N=58)

  Virus                                        Positive   Negative   Borderline               
  -------------------------------------------- ---------- ---------- ------------ ------- --- -----
  Serum for herpes virus IgG antibodies                                                       
   HSV2 IgG                                    49         84.5       9            15.5    0   0
   VZV IgG                                     54         93.1       2            3.5     2   3.5
   EBV IgG                                     57         98.3       0            0       1   1.7
   CMV IgG                                     56         96.6       1            1.7     1   1.7
  Aqueous humor for herpes virus D NA by PCR                                                  
   HSV1                                        0          0          58           100.0       
   HSV2                                        0          0          58           100.0       
   VZV                                         0          0          58           100.0       
   EBV                                         0          0          58           100.0       
   CMV                                         0          0          58           100.0       

**Abbreviations:** CMV, cytomegalovirus; EBV, Epstein--Barr virus; HSV, herpes simplex virus; VZV, varicella zoster virus.
